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1. INTroDUCTION 

Although histamine since its discovery in 1910 has been 

courted with enthusiasm by workers in the fields of al1ergy and of 

endocrinology, many of the secrets of its physiological and patho1ogical 

roles lurk evasive1y in the future. 

The work recorded here details the findings of some investigations 

done in an effort ta determine the origin of histamine in the tissues. 

Primarily the thesis deals with the amino acid histidine from 

which histamine is available by decarboxylation. The enzyme histidine 

decarboxylase which effects the decarboxy1ation of histidine is discussed 

in relation ta the formation of histamine, and the necessity of histidine 

in the diet of the adult rat is determined. 

Certain aglycone flavonoids have been shown ta have the 

capacity of inhibiting the action of the histidine decarboxy1ase of 

animal tissue in vitro. If these compounds could be shown ta act simfiarly 

in vivo they would serve as interesting investig~tive and possibly 

therapeutic weapons.The remainder of the thesis ia concerned with the 

effect of the administration of these compounds on tissue histamine levels 

and on anaphylactic shock. 
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II. EARLY HIS'IDRY OF BISTIDINE# 

Histidine (a-amino ,B-5-imidazo1e proprionic acid) was iso1ated 

in 1896 by two independent investigators, Kossel and Hedin, the former 

obtaining it from protamines and the latter from the acid hydro1ysatea of 

proteins.As histidine was one of the earliest amino acide to be discovered 

and as the biochemistry of the amino acids as a group was not understood at that 

time, the significance of tts ro1e in plant and animal metabo1ism was net 

appreciated for several years. 

Soon alter the isolation of histidine several workers(Knoop and 

Windaus 1905, Fraenkel 1903, Pauly 1904) investigated its structure and pauly 

was able to estab1ish the presence in the histidine mo1ecule of the imidazo1e 

ring. Pyman (1911) synthesized histidine from citric acid and reso1ved the 

compound into its optical1y active isomers. 

In the meantime Ackermann (1910), soon alter Barger and Dale 

(1910) had identified histamine in Ergotinum dialysatum, iso1ated this amine 

from the products of the bacterial putrefaction of histidine and thus, for 

many years, untU Wer1e (1936) discovered animal histidine decarboxy1ase, 

the animal tissue content of histamine was thought to arise from the 

putrefactive decomposition of histidine in the intestinal tracts of various 

vertebrates. 

Abderhalden and co-workers (1910) attempted to determine the 

fate of histidine in the body by feeding it to dogs, but could demonstrate 

only an increased excretion in the urine of urea and ammonia. 

# 
Unless otherwise referred to , histidine in this paper refera to the natural1y 
occurring 1aevo forme 



The history of histidine during th:i_s period is characterized 

by the vigor of the investigations relating to its chemical p!"opertie3. 

In contrast, the interest displayed in its nutricnal significance was more 

subdued. The first paper ta appear regarding this aspect of the metabolism 

of histidine was by Henriques and Hansen in 1904. They reported that the 

removal fronl predigested proteins of arginine, histidine and lysine by 

precipitation with phospho-tungstic acid, yielded a mixture of amino acids 

which was adequate for the maintenance of posi ti ve ni trogen bala.nce. Their 

conclusion was based on a single experiment in the rat, and \ .. as later 

di sproven. 

Osborne and hendel (1914), who early discovered that the elimination 

of certain amino acids from the Jiets of rats prevented survival or growth, 

clarified matters somewhat by noting that in rats, the addition of arginine 

and histidine to a di et of zein suppler.1ented with lysine and t~Jptophane 

occBsioned a slightly more rapid increase in body weight than did a similar 

diet lacking in arginine and histidine. The observations of Abderha.lden (1915) 

about the sarae time, concerning the nutritive value of arginine and histidine 

in nitrogen balance experiments were inconclusive. 

The apparent interplay between arginine and hi3tidine appeared to 

arise from the fact that both, being basic amina aCids, were isclatable froIT. 

protein by the procedure of Kossel (1896), and the supposed relationship 

between the two reached its peak in 1916 when Ackroyd and Hopkins, having 

removed bath histidine and arginine from a casein acid hydrolysate, noted 

that the resulting diet would not support groVlth unless either arginine or 

histidine were added. They surrr~sed that histidine and arginine were 



4 

interchangeable in animal nutrition. This impression remained unchallenged 

until Abderhalden (1922) anù Rose (1924) disproved the theory and demons­

trated that histidine was an essential a:nino acid for the growth of young 

rats. 
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Ill. CHEM!CAL PROPERT!li:S OF HISTIDINE 

Histidine is a h otero-cyclic amino acid with the fo11owing 

chemical formula: 

CH 
/'\. 

NH N NH2 
1 1 1 
CH= C -CH2-CH-COOH 

It is a constituent of most pro teins and is Blso present in some 

other substances including ergot and l)otatoes. The content of histidine in 

meat proteins i8 lower than that of most amino acids (Block and Bolling 1951). 

Histidine is a constituent of carnosine, a dipepticle offJ -alanine and 

l-histidine, which is present in muscle ti&sues; and of anserine, a dipeptide 

of ~ -alanine and 1- l methy1 histidine, occurring in the muscles of geese. 

The level of histidine in normal human blood serum is difficult to 

measure with the current methods availab1e, but is approrlmately 1 mgm % 

(Page 1946). Ho1brook (1951) has reported the nOl~ humah plasma level of 

histidine to be 10 gamma per c. c. 

As inferred previous1y, histidine, by, decarboxylation, forms 

histamine which pharmaco1ogical1y is a vasodilator and a st~ulator of gastric 

secretion. 

The mo1ecular weight of histidine iB 155.09. Because its carbon atom 

i6 attached to four different groups histidine is optically active, and 1ike 

most amine acids the naturally occurripg form i8 the 1 - optically active 

enantiomorph. D-hi,tidine iB a less important metabo1ic 
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comround although it can partjaJ1~T substitute for 1-histidine as a dietary 

constituent. (Conrad and Berg 1937). 

13y reason of the presence of t .... m arnino groups, histidine is a 

natural base. 1.-hen purifiee; it is in th e form of white t2..bular crysta1s. 

Its isoelectric point is 7.4. The; specifie rotation of 1-histidine, 

0.75 - 3.77 ~s. in 100 c.e. cf water at 25°C is 38.95. Its salts 2..re 

optica1ly inactive or sliehtly dextro rota tory. Histià::"ne is freely 

soluble in water, slightly soluble in alcohol and insoluble in ether. Its 

decomposition point, varying to SOi:le degree ,lith the rate of heating, has 

been reported as high as 27~C. Like other ar:1ino élcids histiclirlC is an 

excerJtionally sta:üe compound, and may be autoclaved under an atmosphere of 

N2 at 1200 C for as long as 24 hours \~i.thout decomposition. However, if 

heated in the dry form for three hour8 at 1200 C sorne charring occurs and 

a solut ion of tbe resulting substance has 8. powerful hlood pressure depres-

sing action (Greenberg 1951). Certàin bacteria will decA.l'bo2Ç'late 

histidine under t~e proper cOYJditions. 

later. 

This vd_ll he referred to more fully 

The coml1Ionly u3ed saI ts of hü,tidine 81'e the monohydrochloride and 

the dihydrochloride. 

hydrocilloric acid, with a molec1.i1ar weight of 191.46. 

of the dihyJrochloride i3 227.93. 

The TJolecular '-leight 

The isolation of histidine from protein is a difficuJ __ :' &nù time-

cODsuming procedure. The original methods of Kossel (1898) and Kossel 

and Kutscher (1900) are still used, althougr. h3ving underE;0ne several 

modifications. l3lock' s micro-adaptation is one of the most reliable (Block 1940). 
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Histidine has been isolated from various proteins as the 

dihydrochloride (Kossel 1898), nitro anilate (Block 1940), mercuric 

chloride and mercuric sulfate (Berg1T.ann and Fiemann 1937), the mono­

flavinate (Bergmann and Niemann 1937), and th e diflavin&te (Tlid:'3ry and 

Block 1931). The direct determination of hiatidine is done comrnonly 

by the Pauly rea ction which i s a colorilnetric procedure ba sed on the 

coupling of the imidazole ring with diazotized sulfanilic acid in alkaline 

solution to produce an intense red calor, (Pauly 1904). This test is 

limited in value bec-<luse it also give s a positive reaction for t;J'rosine 

am; ot her imidazole s incl".lding histamine (Koes sler and Hanke 1919), but 

it i 3 rr.ore s ensitive than the ;~noop bror:,ination reaction (Knoop 1908), 

vJhich was adapted for quantit ative use by Kapel16r-Adler in 1933. 
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1. Introduction 

Before discussing the role of histid.ine in nutrition, it might 

1::e \"lel1 ta review brief1y some of the genera1 principles re1ating to 

dietary investigation. 

Osborne and il:endel (1914) \Vere among the first to not e that the 

elinin&tiol1 of certain amino acids from the diets of rats prevented 

survival or growth, while the omission of others had no deleterious effect 

on body economy. This tes led ta the classification of amino acids as 

being essential or non-essentia1. Although a11 amino acids are essential 

as structural units of body protein, many of them can be manufactured in 

the bod~r if others are available. Generally, the essential aœ~no acids are 

those which contribute sOJ:J.e group which is required for vital processes am 

which cannot be reproduced in the body from other ll'.aterials. They must be 

therefore incorporated in the diet. I{owever, sorne arnino acids can be 

produced in the body to a 1imited extent, so that no deficiency occurs if the 

wear and tear of the.t particular amino acid is low. 

There are certain consequences common to the exclusion from the diet 

of aIl essential araino acids. The clüef of these is an inability of the 

animal to grow, despite the inclusion in the diet of ample calories and protein 

by forced feeding. Nitrogen balance is not mdntained, the animaIs going 

into ncgative nitrogen balance signifying that the animal will not retain 

amino acids if it cannot build them into protein, and it will not build 

incomplete proteins. In man essential ru:ri.no acid deficiency produces a 
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marked failura of appetite, a sensation of extreme fatigue, nervous 

irritability and dizziness, as weIl as a negative nitrogen balance and 

loss of weight. 

There is reason to believe that the maintenance functions of 

amino acids differ in certain respects from their functions in growth or in 

rehabilitation of the depleted organisme In growth and rehabilitation 

tissue construction is the principle function and the relative quantities 

ot amino acids in the diet demanded by the organism for optimal utilization 

approximate the ratio of amino acids found in the tissues constituting the 

bulk of the organism (Cannon 1948). Maintenance represents a steady state 

in which not only is there tissue breakdown and replacement, but also 

detoxitication and other functions in which amino acids play a part. It 

is possible that in the equilibrium state the non-structural functions of the 

amino acids may be as important as their structural functions. Benditt et al. 

(1950) subscribe te this view, and suggest that in the adult animal on a 

protein free diet the nitrogen loss is due to the utilization of certain 

amino acids, obtained by hydrolysis of tissue protein for non-structural 

functions, the remaining incomplete mixture being then discarded because 

such a mixture cannot be used for the synthesis of complete proteins. 

Although it appears possible that tissue proteins may be used 

in times of need to provide amino acids for necessary functions, it is 

known that there ls no storage, in the fom of a reserve similar te 

glycogen in the liver, of amino acids in the body that is of any significance 
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after 2 hours. (Geiger and Hagerty 1950, Cannon et al. 1947, Cannon 1947). 

2. The lln'Rortance of Histidine in the Diet of Growing Animals. 

Although Abderhalden in 1922 reported that histidine was an 

essential amino acid for the growth of young rats, his view did not gain 

general credence until Rose and Cox confirmed his findings in 1924. The 

latter group fed young growing rats a basal diet (a basal diet refers to fat, 

carbohydrate, pro te in, and vitamins present in the diet in relative1y pure 

forms), in which the protein was supplied as casein hydr01ysate from which the 

arginine and histidine had been removed, and they found ~hat bath amine acids 

were required ta support normal growth, and that neither arginine nor histidin" 

as had been previously been proposed, were interchangeable. These findings were 

confirmed by Harrow and Sherwin (1926) and by Rose and Cox (1926). 

It ls possible that these ear1y experiments, however, as Rose and 

Cox (1924) intimated, were complicated by the incomplete removal of histidine 

from the casein hydrolysate and not until 1955 when threonine( McCoy, Meyer, 

and Rose) and isoleucine (Womack and Rose) were discovered, and naturally and 

syntheticallyprepared purified amino acids were used effective1y as protein 

supplements in basal diets could the investigation of amino acid metabolism 

be attempted on a more scientific basie. 

While these workers were furthering the cause of I-histidine in 

animal nutrition, Cox and Berg (1954) displayed sorne interest in d-histidine. 

D-histidine had been suspected already of being of minimal significance as 

Abderhalden and Weil (1912) had shown that rabbits, on being fed dl-histidine, 

excreted a large part of the d- compo.ent in the urine. Edlbacher and Kraus (1930) 
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had also noted thBt histidase, an enzyme in the liver of verteb~~ates 

capable of splitting the irr.idazole rins, decc>rnroses d-histidine only haH 

as rapidly as it è.oes the natur8.l form. U sing d-histidine prepared by the 

method of Pyman (1911), Cox and Berg found that it possesses considerable 

ahility to stihmlate the grov.th of rat::> L'hen it is fed as a supplement in 

histidine deficient diets, but could not substitute cOlnpletely for I-histidine. 

Later, in 1937, Conrad end Berg tllreH sor;~o light on the warmer in which 

cl-histidine is used in the animal bod~T. They fed youn;:; rats d-histidine 

éldded ta otherl;lise histidine deficient diets élnd sacrificed them at 100 days, 

and on ana1yzing their carcasses for histidine élnd mea.suring its optical 

rotation, found it to be essentia1ly pure I-histidine. These findings 

SUgG8St t):at rats convert d-histidine to the 1- form before use. 

Trotter and ::Jerg (1939) rerorted that d-histidir:e is utilized for 

growth by the growing mouse, but less efficiently than is I-histidine. 

Celander and Eerg (1952) 3tDte that young mlÎlce do not grOi'I on a diet in l;.'hich 

the histidine is supp1ied as the dextro for:::l unlGss yeast concentrate, 

containing seme 1-histjdine, is present as the vi tar::in supp1enent. Yeast 

concentrate alone clid rl '-.: t st~l!lùlate [;rm-rth. This apr:arent sthlUlating 

effect of SIllélll amounts of 1-histidine on the grmvth promoting properties 

of d-histidine in mice has not been reported &S occm~ring in other anirrlêls. 

L-histidine is necessary for the g~c~:tb of the riouse (Trotter Rnd 

Berg 1939), and for the chick. (AJ.nquist. and Grau 194ft, Klose, Stokstad and 

Almquist 1938). 

L-hist.idine can be used for grovrth purposes 1'lhen adr::inistcrecl by 

sub-cutepeous injection. ··.·l ,,1 1°3"') 
..:; 1.... v . .. L • .,J.. 1 ("J • 
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j}o stud:i.es have be en done on the requirel;':ents of histidine fer 

growing children. 

3. The Importance of Histidine in tbe Diet of Adult A.'1inals 

Rose and Eice (1939) have found l-histidine tü be es"ential for 

the rr,aintenance of ni trogen balance in the adült doge 

'E18 si€>'11ifican:::e of histidine in th e diet of the adu1t rat had 

been, until r 8cently, mO l'6 uncertain. 1Volf And Corle;)' (1939) originally 

proposed that l-histidine was esser,tial for the L!ain ~,enance of nitrogen 

balance in the adult rat. The~r f ed adult rats a besal ciiet in V1hich 15 

amino acids, including those known to be essential, constituted the protein 

moiet:,r. The 3r.1ino acids (lh7 mgms nil:.rogen daily to eaeh rat) were fed 

by gavaGe in order to insure a constar. t l)rotein intake. On subst itution of 

dl-alanine fer I-histidine OVET a period of three è.a;;rs, the animals went 

into ncg.stive nitrogen balance. 

The work of Burroughs et al. (l9hO) apreareci to indic2te that 

while histicline was neeessary for the ll1.G intenanec of weight in a dult rats, 

ni trogen cquilibriwn could be maintained when it was absent from the diet. 

This discrepancy was exp1a. ined by a clL"fei'snc ~ in the rates of supply and 

dewF. nd wi th regar d t a the blO functlons. 'l'hat t.his i3 conc·üvable has been 

Ghown by Goettsch (1950 ), who sta.tes that the minimmli protcün reqdrement 

for :r.aintenance of body weight is 1.6 tines that for th e maintenance of nitrogen 

equi1ibrium. lloirever, the nitrog e:::n intake of Bul'rout.:hs' rats was 80 mgms 

daily, considerably 1ess than the minir:rum r equirement (53 rngms N/IOO gras. 

cody weig,ht) a ceording to Coettseh (1950). 

dation of Burroughs' results. 

This is to some extent an invali-
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Alba'1ese and Frankston (19h5) used a larger éiliiount of nitrogen, 

240 IllGillS da~ly, in the form of nineteen araino acids in a basal diet, and 

found that adult rats, 'tiith histj.dine absent from the diet, were unable to 

r.laintain their weight. The animals Here fed ad libitl.llù up to a dietary 

intake of 10 grams daily. The fact thô.t their control animaIs ate on the 

average 2.6 graDs more than the histidine deficient group suggested that the 

difference in weight curves ïClight have been due ta the differenc€ in calorie 

intake. 

Nevertheless, l!issler and his group (1948) v:ere able to confirm 

the latter.findings, and in a weIl conducted series of experiments demonstrated 

that histidine iE) neces :3ary for the maintenance of nitrogen balance in the 

adlÙt rat. Their diets supplied aFproxima.tely 232 mgms. of nitrogen to each 

rat daily, and the araino éicid content of the diets "las petterned after casein, 

in contrast to the diets of liolf and Corley, and of Burroughs et al. in which 

the a.:mino acid content was patterned a:ter no known proteine In the absence 

of histidine the animals lost weight even when force fed the sarae amount of 

nitrogen and the ssrne nurnber of calories as a control group. 

Benditt et al. (1950), from the surie laboratory, determined the 

daily requirelflent of histidine for the r,lointenance of nitrogen equilibrirffil in 

the adult rat to be 2.1 mgms., and for maintené'J1ce of weight 2.2 mgms. per 

100 cm. 2 body surface. (199 gram rat equals 309 c:-n. 2 body surface). 

Rats receiving histidine deficient diets do not show any untoward 

physica1 signs other than these previously mentioned (page 8). Both\'fell and 

h'illiams (195l) noted that forced feedint; histidine deficient diets to rats 

resulted in the appearance of bIooc.!.y mouths and paws, loss of hair, and lack 
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of co-ordination and death.' At post-mortem each animal had an excess of 

food in its stomach. The authors were not able to exp1ain these toxic effects. 

4. The Importanceof Histidine in the Diet of Man 

There has been complete agreement that histidine i6 not necessary 

for maintenance of normal nitrogen bAllance in the adult human. Bose et al., 

(1945) and later Albanese et al. (1944) reported this finding, but ~he latter 

group noted that their subjects lost weight. Rose et al. (1951) demonstrated 

that this W8S due to insufficient calories in the diets used. The adult human 

males he used as subjects maintained their weight over a period of ei~ht daye, 

during which tlme they consumed a basal histidine deficient diet which supp1ied 

7 to 8 grams of nitrogen and 2950 to 5950 calories daily. 

Histidine does not appear to be an essentiel amino acid for 

adul t human. 

This may not hold true in times of stress as Madden et al. (1946) 

have reported that a patient suffering from ulcerative co1itis entered negative 

nitrogen balance when deprived of histidine. 

Albanese et al. (1945) Iteported that d-histidine is poor1y utilized 

by man, being excreted almost qua •. titatively in the urine after injection. 
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v. EVIDENCE FOR AND AGAUrST THE AVAILABILITY OF HISTIDINE ~}ITHIN THE 

ANIEAL BODY. 

1. Introduction 

Although it appears that histidine is an essential amino acid 

for several animal species, there is litLle evidence ta indicate whether 

or not it can be synthesized in the animal body. An amino acid may be 

synthesized in vivo, yet still be an essential component of the diet. 

Arginine is formed to sorne extent in the body of the rat, but the amount of 

its sJrnthesis in the young animal is insufficient to satisfy the demands 

of growth. As a result, it is an essential amino acid for the JToung rat, 

but dispensable in the diet of the adult rat. 

The results of Benditt et al. (1950) indicated that the daily 

requirement of histidine by the adult rat is much less than is the daily 

requirCffiBnt of each of the other essential amino acids, with the exception 

of tryptophane (page13). Similarly, vfiss1er (19h8) found that, in comparison 

to the rapid and severe weight 108s and the promptness of the increased 

nitrcgen excretion which occurred when each of the oth8r essentia1 amino 

acids was re~rtoved i'rOin the diet, the absence of histidine from the diet of 

the adult rat resulted in a sma1ler 108s or weight, and in some rats, a de1ay 

of 7 days in the appearance of negative nitrogen balance. 

Sither the demand for histidine within the body of the rat is low 

or histidine is available from some soure,," wHhin the body in time of need. 

The former proposaI cannot be SUI)ported by what is knO'.ffi of the physiological 

raIe of histid.ine . Histidine is a component of aU animal pratein and is an 

essantial constituent of vital physiological substances such as hemoglobin 
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and insulin. Leit.er (1925) reported that histidine, when injected intra-

venously into dogs, vras tre;:'.ted with economy, the blood l evel being high, 

but little being excreted in the urine. Page (1946) made the saIlle obser-

vation in normal adult humans. Thus it is necessary to look further for an 

explanation of the low requirewents of histidine in the diet of the normal 

animal. 

2. 'T'he Synthe sis of Histidine in the Animal Body 

Schoenheimer et al. (1939), in an attempt to determine whether the 

imidazole ring was synthesized in the animal body, fed young rats ~runonia 

label1ed with radio-active nitrogen (N15). On analyzing the carcasses of 

the animaIs he found some radio-activity in theA-amino nitrogen of histidine, 

but no radio-activity could be Iocated in the imidazole ring . He conc1uded 

that the N15 arrived in the A-amino group by deamination and, later, rea.mination 

of histidine, and that the rat was unab1e ta s;}rnthesize the histidine molecu1e. 

Re(:entIy, Coon and Levy (1951) found that ",hen radio-active 

formate-C14, or bicarbonate-C14, or lactate-2,3-C14 was added to a culture of 

the yeast, saccharomyces cerevisiae, radio-active histidine could be obtained 

from the medium, with the lab811ed carbon in the C-2 position of the imidazole 

ring. Acetate-2-C14 and glycine-l-C14 were not effective in this regard. 

Levy and Coon (1952), pursuing this Une of investigation, have demonstrated 

tha.t radio-active histidine can be formed in a culture of yeast, from uniformly 

labelled glucose. In other stuc1. i es , l~eported in the saDe paper, hwnan Iiver 

slices were incubated with formate-cl4 and were f ound ta produce a Iabe1led 

compound which was identified by paper chromatography as histidine. 

It seems likely, as is suggested by the non-essential nature of 
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histidine in the did of man, ênd further supported by these exp€riments, 

that histidine can be synthesized in the human body. 

Broquist (1952) has s ho~m th é.1. t the Citrovorum factor is necessary 

for the synthesis of histidine by the yeast, Torula cremoris. 

3. The Availabil:i!2 of Histid i..ne fr om Other Sources 

Imidazole lactic and imidazole pyruvic acids can replace histidine 

in the diet of grmdng rats. (Cox and Hose 1<")26. Hanow and SherVlin 1926). 

The se compounds are probable deamination products of histidine l'ci thin the 

body, and as such, then procede in the normal course of histidine metabolism. 

l"either imidazole lactic acid nor imidazole pyruvic écid, however, is a 

norrtk'll constituent of the diet. lmidazole itself, if injccted into animals 

is quantitatively excreted in the urine (Leiter 1925). 

Carnosine, a dipeptide of ~-alanine and I-histidine, is present in 

the skeletal muscle of all highcr animals. It hô..s no known physioloeical 

function but pharmacologi cally ia a power fuI vasodepressor. n,Jle concentration 

of bound" -alanine in rat skeletal ::J.uscle averages between 100 and 140 mgms. 

per 100 grams of mcist tissue. (Schmidt and Cubile s 1952). \fuen administcred 

parenterally, carnosine can support the grŒv~:.h of young \-.rhite rats subsisting 

on a histi dine deficient diet. This was taken t o indicate by du Vie;neaud 

et al. (1937) that carnosine can be hydrolyzed in the tissues and that the 

histidine so released t hen:ollO"lls the normal md abolic path of orally 

administered histidine. It app8ars possible then that histidine ~ight be 

released from this compound in tirr,es of need and used for other purposes. 
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VI. THE INTlJ-U·lEDIARY HETABOLISH OF HISTIDIN'~ 

1. Introduction 

Aft cr ingesti~n, but before absorption froô the gastro-intestinal 

tract, th.se amino acids ~vi th third polar groups in thcir molecules may 

undergo decarhoxylation b;,' t he intestinal flora "Jith the production of 

c orr e srond ing œdne s • 'l'he perceJ: tage of sueh amino aeids heing decarboxy-

hted j_n this manner is undeternincd, but pl'obé:bly 8r:,a11. This r-henomenon 

will be dealt ~vith T:lore ful1y l uter when the decarbo:x-ylation of histidine 

is dis cussed. 

After absorption from the gastro-intestinal tract amine acids, 

in general, are metabolizcd in the liver. Les s than 20% of the amount 

ab sorbec:. into t he portal blood passes through the liver unehanged (Best 

and Taylor 1950). The arcÙno acids escaping destruction by the liver are 

either excreted intact in the urine, deaminated in the kidney and the 

nitrogen excreted as an.monie" or incorporated \dthout alteration into the 

tissue protein. The greater part of the amino aeids r co.ching the liver a.re 

retained and unciergo dear.linat i on, the chief produets of which are keto, 

and quantitatively of l ess importance, hydroxy acids. The aw~~nia split 

off combines with carbon di oxide to form urea. The fatty acid residL<.e rJ.ay 

undergo oxidation or be built int o e;lucose or glycoe;en. Not all amino acids, 

hO'lleVer, are glucose and gl;}Tcogen for:ners. In the livcr amino aeids may also 

be incorporatcd into protein, or may be transoJninated, or demeth;}Tlated, or 

undergc other ché.nges depending on the peculiarities of their structure and 

funeti on. 

To some extent histidine is metabolized [llonG the linc3 of other 
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arr.ino acids, but a certain individuality is conferred u~on it by the 

presence of the imidazole ring. This ring is split in the liver and the 

ring nitrogen can be convert8d to urea. (Tesar and TIittenberg 194t:1). 

D-histidine, as inferred previously, is inverted to I-histidine 'Vlithin the 

body. (Conrad and Berg 1937). 

\',1J.en histidine is acL";linistered by the oral route to animaIs and 

man, the histidine blood level reaches a peak in one hour and returns to 

the fasting level in 3 to 6 hours. (Page 1946, Crookshank and Berg 1948). 

In animaIs .s.nd in man it i s used .. Ji th economy for, al though thE; blood level 

of histidine rises rapidly after intravenous injection, litt le escapes in 

the urine. (Page 1946, Leiter 1925). Borsook et al. (1950) state that 

following the intravenous injection of I-histiùine-2C14- imidazole into 

mice, guinea pigs and rabbits, the labelled amino acid disappears from the 

blood within 10 minutes. In 30 minutes 18-47% of tLe injected amino acid 

is incorporated into the visceral proteins, and after one hour a significant 

amount appears in the plasma proteins. In 2 hours the visceral and plasma 

proteins are in balance wi th respect to labelled rurd.no acid content. 

ï-:uch of the knowledge regal~ding the catabolism of histidine is 

fragmentary, and the normal route of catabolism a matter of considerable 

controversy. I!evertheless, it is possible to construct a tentative chart 

as a guide ta a discussion of the main reactions and their relative signifi-

canee (see Chart I). 

Of the four possible routes that histidine may follow after entry 

into the body, the one that has received the greatest attention is the 

conversion of histidine to glutamic acid and then to glucose. The lv'ork of 
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Rerrmert and Butts (1942) and of Featherstone and Berg (1942), especially 

the latter, seemed to show tha.t a large part of the ingested histidine is 

changéd to glycogen. That this is the normal route of catabolisrc. had been 

indicated previously by Edelbacher and Kraus (1930). 

However, it is of some interest to refér to other experiments 

suggesting that alterna tive routes nay be of importance. 

!li'ter feeding I-histidine to fasted rats, Crookshank and Berg (1948) 

found an increase of amino-nitrogen in the blood at one hour that cou1è not 

be accounted for by histi(line or by imidazo1es. At fir s t they suspected 

that this rise was due ta an increased forr~tion of e1utamic acid. In 

further experiments, howeyer, (Crookshank and C10wdus 1950) they found that 

the glutamic acid 1evel in the b1ood. 0::: rats did not ri se over a period of 

12 hours after the ingestion of histidine. 'i'hey conc1uded that either 

glutamic acid W-ê.S not formed from 1-histidine or it occurred t oo slow1y to 

be detected by their metllod. They suggested that histidine Dlay be converted 

into a metabo1ite which retaine amine nitrogen, or that, under the stirr,u1us 

of histidine, ::md.no nitrogen i s produced froIn some other source. 

In 1950 DI Iorio and Bouthi1lier i nj ected hbtidine 1abelled \'fith 

C14 in the ce.rboxy1 group into r ats, and r e covered the radio-nct i ve carbon 

as 30% C02, 20% as urinary histidine, and the rerna:inder as tissue histidine, 

urea and amino acids ( gl~rcine, praline, hydroX'lJpro1ine, a spartic add, 

glutarnic acid and arginine). G1utamic acid was only slight1y radio-active. 

TrIey conc1uded t he.t the chief catabo1ic route of histiJ ine WB s decaTboxy1ation 

which can be produced by hm main me chanism: 1) O:d.dative deamination, 

follovied by decél.rboxy1ation, or 2) decarboxy1ation, with the production of 



carbon dioxide and histamine. That histamine can be formed in the animal body 

was shown by Werle (1956), who first demonstrated histidine decarboxylase 

in the kidney of various species. 

The significance of these isolated findings remains unknown, and 

the findings themsel ves remain unconfirmed. The work of D' lorio et al., 

which was carried out over a period of 4 and of 18 heurs after the intra­

peritoneal injection of l-histidine, might possibly be explained by the 

formation of carbon dioxide from the oxidation of glucose, or the decarbox­

ylation of glutamic acid formed in the reaction. At 80y rate, ~e work is vague 

and net specifie, a criticism which &lso could be made of the work of 

CrooshaDk and Clowdus, and is not of suificient weight to contradict the 

evidence suggesting that the formation of glutamic acid is the main 

pathway of histidine catabolism. 

Part of the histidine absorbed into the portal blood, like other 

amino acids, escapes the liver and may be incorporated into tissue proteins, 

or excreted in the urine, or decarboxylated in the kidney, or deaminated in the 

kidney (Krebs 1955) • Featherstone and Berg (1947) were unab1e to confina Kreb' s 

finding and state that I-histidine is neither oxidatively deaminized 

Dor sp1.1t hydro1.ytlcally in the kldney. 

2. The Glzcogen P'orming Capaclty of Histidine 

Abderhalden and co-workers (1910), in their original investigations 

concerning the fate of histidine after feed.ing 1t ta dogs, found only an 

increase of urea and ammonia excretion in the urine. These sparse results 

were supp1emented in 1915 when Dakin imp1ied that the administration of 

histidine produced too 1ittle extra glucose to justify consider1ng it a glucose 
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former. However, when it was ",ho,,;!} that histidine cO~.l.ld. be converted to 

e lutamic acid by J-iver sEces in vitro, (dilbachcr arlc;' Kraus 1930) interest 

'·'.:lS reawalœned in the possible glycocenic properties of histidine. 

T113 first ta talœ cognizance of this r-osdbilit~r '.vere ilcr:IDl.crt and 

Butts (1942) who fasteci rats for periods up ta he hours and, at the end of 

that time, analyzed the urine for acetonc bodies <:md the liyers for glycogen. 

In a group ta which I-histidLn8 was fed on the lélst 24 hours of the fé:.st 

there was a decreasG in the acetC'ne cont.=mt of the urine and an increase in 

the glycogen content 0::' the livf;r. 

form [~lycoGen in the animal body. 

Thic wa s evidence thê.t histid Lne could 

':'here viaS an unexp13ined lag period of 

6 haUTS tafore the : lycogen content cf t:le l_iver increased after the feeding 

of his~·,idLne. 

Feathel~stonc s.nd Berg (1S'42) elabor",ted on the findings of Rernmert 

and altts and de~onstr~ted thst , under similar experimental conditions, 

glutamic acid and I-hist.jrl5 ne incN':.<i.sed ths sly80gen content of the liver 

al:. the same rate, and that d-histidine Hé:.3 less efficient in this regard than 

eith81'. Glycoeen appe ared in the liver Hi t;ün L~ hours after ingestion. 

I;i sti(Unc~, then, is not only glycogen ic but, accorG.int: te featherstone 

and Berg (1942 ) a large part of LlS ing:;sted histidine follows this channel 

of L1etabolism. 

3. 'l'he Hcutes by .:hich Hi.3tidir.e ls Cünverted to Glutamic Acid. 

The route tal'~en by histiéine in the: fornetion of glutamie a,cid has 

been the sue je ct of controvf:rsy sinee Edelb.:lcher (1926) and Gycrgy and 

Rothlsr (1926 ) obS8rved independently th:::t histidine was decomposed by liver 

sUces vlith the accompBnyin.::; 1iberation of ar;lIDonia. The en:<::yr;te these two 
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group::> discovered at that tilTi.é \'lac cc.2.1od histidase and is present excl usiv­

ely in the livers of all hicher anir;lals (~lbé. cl",er D.YJ.d I(nus 1<)30 ). It 

h2.S a sred.fic action on 1-histidine and does net attilck o-:~her iJ.ùd.azo1e 

corr,pound s. 

IIistldase is i nhibited ty inidazo1e, histaxùne and d-histidine. 

T!:e inhihition can be explained by cor'lpetition. (Edlbac:ler, Bz.ur and 

EeckBr' J. 940) .• 

Edlbachcr and Peber (1934) sUSf~ested that the primary offeet cf 

histicl8se on hist idine is the brealcing of the imidazole rine Hi t.hout 10ss 

of the a-al"'.l.no nitrogen, folloï-led by <l series of rCf:'ctions, the course of 

which is still unknmm, but involvil'1g the nasking of the a-a:nino nitrogen 

and resulting in the formation of a substance from which glutamic c.cid is 

&vé.ilable by 2cicl or alkaline hydrolysis, (::::cilbacbcr ond l(raèi3 1930), the 

a-amino nitrogen of histidine bdn c; unmasked and sup;::-lying t he a-amino 

ni trogen of gl·ù.t é.liïic acid. rl'hi:::; has b8en for sone t ir,ie t he supposed mcthod 

by ~vhich histidine ia converted to blutwi,ic acid. 

1~ rTopo.sed altt.:rna.te rOllte by l'miel: hist~dine c&n be eonverted to 

glutamie .seid is by the de<::!J .in3tion of hi:Jtidinc émd the subse01ent formation 

cf urocanic acid (imidazole acrylic a.cid), ldhich is then changcd to glutamic 

acid in the liver by tne action of an enzyme, UrG CémaSe, whieh is capable 

of splitting t he imidazole ring. Urocanase was discovered by Kotake in 1941, 

and studied by Edlbacher and Heitz (191.2) who proposed th 3.t glutamic acid 

arose via isoglut&mine from urocanic acid, the a- carbon éltom having its 

origin in the i midazole ring nitrogen attached ta the Y- carbon atom. In 

their in vitro experiments glutamic aeid was formed from the reaction product 
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by alkaline hydrolysis. EdIbacher (1943) claimed te have proven that 

although alpha deamination and the subsequent formation of urocanic acid 

was a possible step in histidine metabolism, there was no evidence that it 

was a normal one. 

4. The Significance of Histidase and Urocanase in IntermediaryMetabo1ism. 

It appeared from the early work that histidase and not urocanase 

played the 1eading role in the splitting of the imidazole ring and the form­

ation of glutamic acid. Edlbacher's assumption was supported by other 

experimental evidence of a somewhat indirect nature. 

Urocanic acid was isolated in 1874 by Jaffe from the urine of 

dogs. The compound did not receive much attentiom at that time, and as it was 

a difficult substance ta detect in the urine of any animals, it was not 

considered to play more than a minor role in normal metabolism. However, part 

of its molecular structure consisting of the imidazole ring, and Raistrick (1917) 

having obtained it by the action of bacteria of the Coli - typhosus group on 

histidine, it received sorne attention as a possible breakdown product of histidine 

in the body. A small amount of the histidine in the bowel is deaminated by 

bacteria with the production of urocanic acid (Raistrick 1917, Darby and Lewis 

1942). 

Kotake and Konishi in 1922 isolated urocanic acid from the urine 

of dogs after the parenteral injection of hsitidine. Harrow and Sherwin (1926) 

were able ta produce sorne growth in young rats on a histidine- deficient diet 

by supp1ementing it with urocanic acid. Harrow and Sherwin proposed that 

urocanic acid was one of the intermediate steps in the metabolism of histidine 

in the body. However this could not be confirmed by Cox and Rose (1926). 
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In 1942 Derby and Levas injected rabbits sub-cutaneous1y wi th 

1-hist:.dine, 5 grams daily, and were unab1e ta iso1ate urocanic acid from 

the m'ine of the rabbits except in a few cases. The re.bbj.ts excreting 

urocanic acid in the urine deve10ped t oxic symptoms and death due to acute 

oedema 0;0 the pu1monar: tissue, contraction of the smooth muscle of the 

bl'onchi, and cn1argement of the ri f,ht heé:rt, so th""t it was prc sl:r:1ed that 

in these animais, becé:use of the 1er.:;e doce of histidine ad:uinistered, the 

amino Q.cid was travelling abnorma1 p8.ths of metabo1ism. The toxic synptoms 

l.'iere ar-parently not due to urocanic é:cid per sc as the m;.bct;.taneous injection 

of three grams of urocanic acid dai1y was non-toxic and was excreted alri10st 

quantitatively in the urinE.. Ther were able to recaver sorne urocanic acid 

after feedin2: oral histidine to rabbits, but tbis was pr e.sw.1ed ta Brise from 

the gut. This experiment presented strong evidence that urocanic acid was 

nei ther norma11y formed nor broken uOliin b:r the body in é.ny siLTlificant amount • . 

Tesar and Rittenberg (19L~ 7) sup]XJrted the f i ndings of Darby and Lewis. 

TheJ
r were unable to find a sienificance mnount of radio-active nitrogen (N15) 

in the glutamic acid isolé.ted from the liver of rats, which had b(; en fed 

I-histidine with 1'115 attached t o the Y-carbon dom of the imidazole ring. 

As theA-amino nitrogen of glutamic ac:cl arising by way of urocanic acid 

comes from this nitrcgen in the imidazole rinz , (Ed1bacher and Heitz 191.2), 

they concluded that glutamic acid vJas not formed from histic2ine by way of 

urocanic 3cid. H01~·ever, theA-mnino ni t rogen of glutamic .scid under e;oing a 

rarid turnover in the body, it is doubtfu1 if the glutamic acid f'ormed by 

such a conversion wou1d retain l3 sufficiently high N15 concentration to eo;tab-

1ish its derivation from hi s tidine. 
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One of the main reasons that urocanic acid has net be8n considered 

a major route of histiJine metabolism is thé:.t th~re is littl e evidence to 

sh01l1 thEt histidine undereoes œ~iàative deamination te any extent in the 

animal body. It appeared from the v:ork of Krebs (1935), who studied the 

influence of sever al amino acids on the anunonia production, Ket.o ac id 

formation , and the oX1Jgen consumption of li VGr and kidney tissue slices, 

that the d-amino acids are de&"linated ten times as fast as the l-isomers. 

Eydrolytic deruflin8tion a:::-;parently diè. not proceed, sueeesting that the 

formation of hydroX1J acios is not the normal derur.inetion product in the body. 

The deamination of I-histid inE; proceeded slowly. These studies have been 

the basis for the belief that deamination does not play an important part in 

the metabolism of I-histidine in the body. It is difficult, hOl'iever, to 

correlate this theory with Schoenheimer's (1939) isotopie studies, in which 

he showed that, on feedine; r~15 in the form of arrnnonia to r Bts, and on 

analysine the carcasses of the al!.imals for histidine, the a-é'.mino nitrogen 

of thé recovered histidine W2S radio-active •. This appeared to sur::eest thélt 

histid~Lne could be deruninated and subsequently reaminated in the c ourse of 

Hs met2bolism. 

Feather st one and Berg (19h7) \·,e:('e able to confirm Kreb3' results. 

':"ney measured the oX1Jgen upt8 1~ 2 , 2 l!lino-t~ . diminution, anc~ urea and ammonia 

production l~ t e 3 hours after the incubation of' histidine w~th liver and 

kidney slices. From the deC'r(~asect oxygen uptake and increase arrmonia and 

urea production in cOl"1parison to the controls, thEy concluded that hisLidase 

r.Jlavs a more imDortant role th,m I-aminc acid derul1inase in histidine metabolism. . ~ . 
iLecently, sone nev.- work has appeared in support of the urocanic acid 
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route of histidine catabolism. Hall (1951), u,::üng the intense ultraviolet 

light absorption occasioned by the introduction of a third conjugated double 

oond during the cata))OliSlii of histidine to urocFmic acid, has enabled micro-

grams of the latter to be demonstrated. By thb methoù he was able to show 

that él dea:ninase is present in rat, cat and rabbi t liver capable of forming 

urocanic acid from histidine. 

region of 7.11 

The pH optimum of this enzyme is in the 

Hall'::3 work l'las been fo110wed oy a publication of 'l'aboI' and IIayaishi 

(1952) describing, for the fir st time, the direct enzyrdc production of 

glutamic acid froIn histidine .,hen histidine is added ta a ce11-free extréict 

from PseudOiilonccs gluor'e scens. Tabor et al. (1952) show8d that Pseudoalonas 

fluorescens extracts acted on histidine labelled vJi\:.h a-amino N15 to forra 

ammonia which arose frolll a-amino group, anG. acted on histidine labelled. ,,"ith 

N15 at the Y-nitrogen of the imidazole ring to produce glutamic acici with 

the a-amino F. containing the N15. 'l'r,is, in the light of '\\l'hat is Imown, is 

consistent w:Lt'é1 the forrClhtion of glutéJnic acicl from histidine by ,,o,J'ÇlY of uroc.snic 

acid.. 

Eehler and Tabor (1952), using unfractionated liver homogenates, showecl 

that the initial reaction pror !ucin~ urocè1nic acid is the principal route of 

histidine degradation in this s~rsteril also. 1!0 evidence ViBS fOlmd for a 

reaction in which the imidazole ring of histidine is split priaI' ta the removal 

of the a-amino group. The~' report tl13.t they have partially purified 

urocanase bath from liver and PseudoJ;lonas fluorescens. The aFpearnnce and 

disappearance of' urocanic acid in their preparations has been r.leasured by the 

ultra-violet c,-bsorpt.ion technique ùcscribed by r;all. 
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Although these findings, sugL;estin8 tr13t urocanic acid nay be of 

1:1.0re iuportence in intermediary metabolism than was hithertofc:ce thought, 

present a challenge to the theor;/ of Edlbacher (1943), it must be remembel'ed 

that they are based prinn.rily on in vitro bacterial cultures and cannat 

readily be taken as e'ridence t/la t a simil:=tr process occurs in animals. 

Because of H.:') chemicDl structure it was Early su.:;gested that 

histidine ~{él.s G. precur ~30r of purines and 0.1' creatine . Rose and Cox (1926) 

shovled, howevc~r, the;-, adenine, 8Uanine, creatine G.nd cre ~ tinine \.,!ere unable 

to substitute for histiùine in the diet, and exp.eriments with isotopic 

histidine (Barne 3 and Schoenheimer 19/~3, Bloch and Schoenhc imer 1940, Tesar 

and Eittenberg 1947) are Rdded proof tha.t the h~TpothesÜl may be disregarded. 

c:. 
/ . 'l'he Decarboxylation of Histidine. 

CuLside of the vrork of Dllorio end Boutl:illier (1950) (see page~~, 

there is little to suggest that decarbo:x;,rlation is an important s tep in the 

metabolisrn of histidine. Cn the other hanQ, the presence of histamine in 

the tissues , if not arising from ingested histémine , ::nl{:';gests that it has its 

oricin frot:l histidine; by decarbo::-çrlation. hllether this reaction occurs in 

the intest ip8.1 tract or in the tiS -:UE;,3 of the animcl body, or in bath, has 

not been ascertained. The decarbox~TlE!t:i.on of histidine will be di:3cussed 

morc fully in the follovlinp; sections. 
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VII. EVIDENCL 3IIŒJTLG TI-lAT HISTAIIINE 1.5 Ji COHPOlfcl,;T OF ALIHAI, TISSUE. 

Barger and LaIe (1910) isolated histaT:linc from erGot and noted its 

stirnulator;;T effect on smooth :-nuscle. l..ater, BargE!' and Dale (1911) 

isolated a substance with si!nilar properties from intestinal mucosa. The 

identification of a compound in animal tissues which had the sarae pharmaco­

logiea l effeets as hi::>tamine did Dot T.lean, however, thé'.t it was histamine 

itself. It Has not until 1927 that (Best, Dale, Dudley and Thorpe) histamine 

vias isolated by eheraical means, as tLe picrate salt, fror:l alcoholic extracts 

of fresh ox liver and lung in quantities suff.'icient to account for the 

innnedip,te 'laso-dilataI' and smooth mus cle stinulatoF'J effec~s of extracts 

from those tissues. 

:Later, by using the contracti18 effect of' histamine on the atropini7.ed 

isolated guinea pig ileum as a biologie metho,I of assay (Barsoum and Gaddtun 

1935, Code 1937), and as & supplerrent to this, the ability of histé) ;"'1ine 

eontaining extracts to lower the olood pressure of the anaestl1etized eat, 

histamine has been ShOVID to be present in mo s t animal tiS3ues. In the 

tis sues the major part of hisi~a.I:line is bound intra-ce11ular1;:,r. (Trethewie 1938). 



VIII. Tm, CRIGIN OF HISTAIITNE IN THE TIS;'3UZS AND THE DECAl'1BOXYLAl'ION 
CF HISTIDINE. 

1. Introduction 

The krlOwled8c concernin[ the origin of histard.ne in thE:: tissues 

is as yet incomplete, although considerable v:ork has been done suggesting 

thé't it mé:y é:rise t'rom more than one source. 

It is possible thEt histanline is introcluced into the body by 

three different routes: 

. \ From the histDr-:ine in the food. 1.) 

ii) From the decarbo:xylation of histidine in the intestinal tract. 

iii) From the decarboX".fl.stion of histidine in animal tissues. 

Since both the first a'1d second avenues cf entry entail absorption 

from the intestinal tract, the;y will be discussed together. 

2. Histamine in the Food and the Bacterial Decarboxylation of Histidine 

The formation of certain ruJines as a result 0: bacterial putre-

faction has been l~ e cognized since the beginning of the century when 

Ellinger (1900) iso18ted putrescine an~;. cadaverine from ol'nithine and lysine 

resped,ively. 

Gale (1940) shm-Iecl that the amines are produced by bacteria through 

the act:Lon of specifie aIJiino acid decarcoX;)rlé:ses a.nd that these enzymes are 

fOrIl1ed within bacterial cells in response ta certein ,v-ell-defined conditions 

of growth. Bacterial dece.Tboxylases have been isolated which are cé:.pable 

of produc:ing t h,,, corres}Jonding amines Ï rom tyrosine, dopa, phenylalanine, 

arginine, ornithine, hi ~ltidine, lysine, glutêrnic acid, and asr:aTtic acid. 

For the formation of active amino .J,cid decarboxylases in ba.cteria the following 
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Condi tions must be fu1.fil1ed (GeJ.e 1946); 

i) The organism must be able to form the required enzymes. 

ii) Growth mus t take place in the presence of a specifie substrlJ.te. 

iii) Co-decarboxylase must be present. 

iV) The growth medium must be acid. 

v) The enzymes are full Y developed ':ïi thin the organism ooly 
at the end of active cell division. 

The amino acids from Vlhich amines have been produced have a 

third polar group situated at the end of the mo1ecule, removed from the 

COOH group attacked. The decarboxylation of l-lysine to cadaverine serves 

as an example, the 5-amino group being the third polar group. 
NH2 

H2N - CH2 - CH2 - CH2 CH2 _ CH --- OOOH 

L-LYSINE 

H2N - CH2 - CH2 - CH2 - CH2 - CH2~2 

C ADAVERI NE 

The integrity of the third polar group is necessary for decarbox­

ylation to proceed. Thua, for an amino acia. to evoke the formation of a 

decarboxylase in bacteria it must possess a free COOH group in the 1-position, 

a free ~amil1O group, a iree terminal group of polar nature, and the natura! 

1aevo configuration. The decarboxy1ases are specifie for their respective 

amino acida. 

According to Hanke and Koessler (1924), bacterial decarboxy1ation 

i5 a protective mechanism and occurs because of the efforts of the bacteria:. 

te reduce the acidity of tieir invironment. The optimum pH for bacterial 
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G.8carboxylases lies arounci 4.5 to 5· (Gale 1946 ) 

The bacterial decA.rbo~{ylase:3 rG~uil'e a co-enzyme for lI.&Ximal 

acUvit~r. The co-enzyTi18 , or co-d8carb0~;ylo.s,3, is probab1.f pyricioxal 

phosphnte (Bellamyand Gunsalus 19h5). 

a necessô.l'j7 co-enz;yme in Elost bactorial decarbo:;...'y1Rses, Erps (1945) has 

t:1rov,Yl ::; '.);118 doubt a s to ;iJhether it, is necessary fer the activity of 

histidine de ce rb o:\.'Yla se • 3h8 11a3 ,mab18 ta de crea se the .s.ctivity of the 

8nz~rme b~/ chemic i'. l r,:etho (~ s which dis30ciate any co-enzyT(,e present. Nor 

could the &ct i vit3' of hist i dine decrJT~)oÀ';ylase be increased by the a (dition 

of cü- decarbox;ylase. 

;;d<.:en:éLYl!" (191C) Has th e first t o demonstrate that histanine 

couIn he procluced fro:n histidine by bacteri <~l putrefaction. Gale (1946) 

and AUn (1950) have shmm that SOine str<üns of Lscheric:üo coli and 

C1ostriditu,t VieJchii are the chief histidine d8carbo~{ylase I:,roducers aTwng 

oacteria. .since t he oe bacteri 3. oTe nor!:ié'11~r pr e3en t in the intestinal 

tract of animal:" it has been thour;ht that t he hista,"ine of Dnimal ti s3ues 

~lic;ht é:rÜ;f~ by 1;WY of th E: abé~orption fror; ; the intestinal tract of histar"ine 

i'crr;Jed f rcDl hü~tidine by bacterial decarboxyl ase. 

It rU3,';' te ilSSUI:lE;è. t hat the hi8tar.~ine f ormed fron hi:3t~dine by 

:-ê ct ", ::--:i31 c!ec<:rboxyL tion in the intestine, 2nel the Îree histémine pl'esent 

i n the f ;Jod i'~cest8d , (;1',:; tr·é:.Gtc'd sit1il 2. rl~T f ollmdn[ th eir renèezvcus in 

the intest i ne. 

LTo'+z -nd T"Yll" SC1' (lO?'?\ ""Q~~"red _C' ___ , __ con+ cnt CA' hl" r-l--al";""~ ~n rJ. -!..LI c:::i. tJu.,o., J. ! __ / ~ (1 j . ~ ....,C1~Lt \.1':'_ : : LI ' ~.' ..L .-:'\ 1.1 .~ I : C .'_ .• 

various plé'..nts a r.è. found é) consideré: L1<.:' ::-;L:ount in :;pEléi Cl1, tO-';13 t oes, carrots 
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ti s Scll: S and Anrep et al. (19h4) found t, t, o 20 lêlcro;:;réiGS rer grariè of 

buffa.lo li 'TOT. 

'~'ilC stuùies of Anrep 

relation oetwer.-n the hista:nine conJGent o~' the fO <:J ,~, ;;nd the histamir.e cxcr~t:i..ün 

in the urine in l'c.ts, do[~ s and r::an. n,d.ts fed El protein-free diet had a 

drop in the hista.Y:linc e~ccr ;·, tion in 'che urin<3. On D büffé:..lo ITiCé).t diet, 

his LA.,:l.ne in t h;::, urine rose , but ViaS rr..ainly in the c-:J:lju::;ated forn:. This 

rieL! was due t o t,1w lüstaninc in the diet, as histanine-free proteins (egg 

albumen. ca.sein) did not cause a rise in the hist.a.rJ.i.ne content of the urine. 

On the other hand, dogs fed equal ar:Jounts of histal,line as histamine acid 

phosphate and as histamine in thé ,"orin of lCleat excrete.d !:lare conjugated 

histanine on the lat ter di et , suggesting that. sorne companent of :ne3.t other 

than histar;,ine cé,used a rise in its urinû.r~r excretion. The significance 

of this latter finding lS os yet unknO\V!l. They concluded on the basis of 

the rat exp3riments that urinary histauin2 arises lR.rgely from the histamine 

of the ùiet. 

It Vias appa.rent .['rom their studies as Îvell that a large pa.rt of 

the fr ee hist2~rtin:; fed orally was either llestroyed in the body or excret3d 

as conjueated histar~ne. Parenter2.lly administered. ~1i stamine \;,as also, 

de ::; t,royed ta a. large extent, but the rem;:ünder Ka::; cxcretccl in the urine 

as free hist~~ine . Parente:r'd.ly administerecl conjugated hista:aine was 

excreti3d 8.lrr,ost quantitatively ir: 'ùhe urine. 

g [[rcar::;, then, that a large part of the histamine formed or 

present in the intestinal tract i;:ay be destroyed b~r diamine oxidase (histaminase) 
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present in the bowel wall (Rose et al. 1940) or conjugated in an inactive 

form that cannot be used after absorption, but ia excreted in the urine. 

The conjugated form of histamine has been identified as acetyl-histamine 

(Urbach 1949, Tabor and Mossetig 1949). 

Although the work of !Drep auggests that histamine in the food 

May contribute to the histamine content of the tissues, there is DO good 

evidence to show that the amount of histamine formed trom histidine in 

the bowel is sutficient to be of physiological signiticance. 

3. The Decarbo;xlation of Histidine bl Animal DecarboxYlases. 

That histamine could be formed from histidine by the action of 

histidine decarboxylase of animal tissue in vitro was first demonstrated 

by Weris in 1936, when he incubated rabbit kidney slices with I-histidine 

under nitrogen at 5~C. in alkaline solution. His rssults were comfirmed 

by Holtz and Heise (1957) in rabbits, guinea pigs and rats, and by Kumamoto 

in 1941. The substance tormed by the kidney slices was identified as 

histamine by pharmacological Methode - the fall in blood pressure of dogs 

and cats, and the reaction of the isolated, atropinized guinea pig ileum. 

Incubation of the extract with histaminase destroyed these activities. 

WerIs and Krautzun (19re) studied the distribution of the enzyme 

in different tissues and their results are presented below. 

Distribution of l-Histidine DecarboxYlase 

Animal Kidney LiveE Pancreas §El.en 

Guinea pig .... -+ + 

Rabbit -\- + + 

Hamster t-+ 

+"'" 

+-+ + 

Stomach 



Anir;~al 

Eat 

House 

Dog 

Cat 
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Distribution of l-}iistiriine Dec~r;~;Qxylase (continued) 

Kidney Liver Fancreas Spleen Stoma.ch 

+ 

+++ + 

It is interesting to note that, except for the dog and the cat, 

the action of hi s tidine decarboxylase is highest in those animals which 

are most susceptible to anaphyléL""..is. 

The aiaino acid decarboxylases of animal tissue 1",hich have been 

o.eiaonstrated Gre those reacting ,;ith histidine, tyrosine, dopa and trypto-

phane. They differ frora bacterial dec2rbœ"'Ylasc s in that their pH 

optimw~ is 7 to 8. (Blaschko 1945). They a ppear to require nrridoxa1 

phosphate as a co-enzyme. Although earlier reports implied that the 

co-enzyme was not necessary for the action of histidine dec&rboxylase, 

~j'erle and Koch in 1949 showed that p~rridoxa1 rhosphate plays a functionally 

important part in its activity. 

i1istid.ine decarboX'Jlase is strongly inhibited by substances which 

either combine '.üth it or with histidine, thereby blocking its action. 

Among these are à-histidine, 1- and d-dopa, adrenaline émù several other 

compounds of like structure .~ierle (1942) a s cribed this inhibition ta 

the presence in the various inhibitin(; molecules of phenolic hydroxyl groups. 

The early work on histidine decarboxylase has only ùemonstl'ateù 

small Br;"LOunts of thi3 enzyme in r.ianunalié:rl tissues. It is not proven then 

that ic plays an import2.nt part in a..ino acid metabolism. 
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The evidence referable to the formation of histamine from 

histidine by animal tissues in vivo is far from c:)mplete. 

Eloch and Pinosch (1936) :r'cpœ'ted th.s.t the histamine content of 

the guinea pig lunz was higher than normal 5 hours Efter the sub-cutaneous 

injection of histidine. 

Hacksy (19313) propo'icd thEt U"!8 findings of Bloch and Finosch 

c:)l.lld be explained on the basis of the extren:e veriabili ~,y of t he histamine 

content of the guinea pig lung, 8Ild he pre"ented some experiments ta 

sup!,ort this state:nent. Five hours E.fter the p.s.renteral injection of 

histidine (6.1 gms/l00 gr:ïs. body wei,sht) to guinea pigs the histarnine content 

of U:.e 1unz s of the treated group did not differ significantly fro:n those 

of the controls. 

Holtz and Credner (194.+), although they agreed that histidine 

ad,ninistered parentel~al1y did not affect the histaJ'1ine content of t,'Uinea 

pig lunt; tissue, found that the sub-cutan8ous injection of histidine 

increased the excretion of free histamine in guinea pig urine. This 

fincline; appear t::d ta indicate that histamine was forrJed by the action of 

histidine dec i:rboxylase within the tis:mes, in guinoa pics at Ieast. 

Edholm (1942) investigated the effect of histidine on the histamine 

sensitivity of the vascular system of the cat, ônd on the resI)onse of the 

isolated guinea pie uterus to histamine. After cats .. ·,'ere injected d.aily 

fer 28 da~/s Hith 4() mgms . of 1-hi3Udine monohydroch1o:ricle, and guinea pigs 

daily for 21 days with 200 mgms. of 1-hist.idine monohydrochloride, the 

decreases in bloocl pressure after histar.1ine in the cats, and the r esponses 

of the isolated uteri of i~ he guinea pigs to histamine viere less in the 
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histidi.nE; treated groups than in the non-treated controls. These 

findings might be explicable on the , . 
oaSlS of histamine desensitization 

by histamine formed froID histidine. But sinee exeess histidine antago-

nizes the action of histamine in vitro, (Eackay 1933. Halpern 1939) this 

fhenomenon oecurr::'ng in vivo might provide an alternative expl'lnation. 

The sum total of these in vivo e;cperiJuents reveals the worlc of 

Holtz and Credner a3 the only definite evidence that histarrtine is formed 

from histidine in the animal body. 



IX. THi., EFFSCT OF FLAVONOID CŒ:FCUNDS CN ANU~AL HISTIDIN2. DECAREOXYLASE 
IN VI TRO Aj\JD IN VIVO. 

UerlB (1942) shov-red that compounds with phenolic hydroxyl groups 

in their mo1ecules ~':cr8 active in inhibiting animal histidine decarboxylase 

in vitro (page 55) . This observê,tion suggested to Eei1er and his co-

workers (1949) that substances of like stTucture might be of value in 

clinical allergy &s therapeutic a::;cmts. According1y, the~l investigated 

the inhibitory effect of a nWlber of pheno1ic hydroxyl co:-npounds on 

histidine dec'-l.rboxy1ase. Using the histidine decarboX.}rlase extracted 

from e;uinea pig kidney in vitro, they found thél.t d-catechol, dopa and 

benzoquinine, in concentrations of 1 llitjffi. per c.e., inhibited the enzyme 

lOO~b. 

D-catecDol belongs t a R non-toxic group of sub3tances classed 

under the heading of flavonoid or vitamin P compounds. Vitarrd.n P liras 

discavered 'cy Szcnt-Cyorgy in 1936 when he noticed that extr8cts from 

paprika and from citrus juice had v<~lue in reducing capillary permeability 

in rnan and guinea pigs. 

The flavonoids are widely distributed in higher plants and are 

derived from the mother substances flavone and flavonol. 

o 

01/\0 
"- CH 

\. / 
C 
1\ 
o 

FLA70NE FLAVONOL 
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They may be divided inte two groups, the glycone, and the 

aglycone flavonoids, depending on whether or not there i8 a carbohydrate 

group in the molecule. The glycone flavonoids, rutin and hesperidin, 

showed promise at one time of being effective agents in the prevention of 

anaphylaxis in animals, on the ~sis of the inhibition of the increased 

cap1l1ary permeability occurring in that phenomenon. Recent work has 

dampened the original enthusiasm and neither rutin DOr hesperidin are 

considered to be effective thorapeutic agents in this regard. (Levitan 1950, 

Clark and MaCkay 1950). 

Martin et al. (1949) investigaged the effectiveness of varioUB 

flavonoid compounds on the inhibition of guinea pig kidney histidine 

decarboxylase in vitro. The glycone flavonoids were found to be inactive 

but quercetin and, again, d-catechol were shown to be effective inhibitors at 

a concentration of 1.0 mgm/c.c. of incubating fluide Querecetin and d-catechol 

are both aglycone flavonoids rich in hydroxyl groups. 

According to Bartlett (1948) the activity of the flavonoids is 

due to the formation of quinones which then react with the sulphydral or 

the amino groups of proteine. It had been observed previouely (Gale 1946), 

(Geiger 1948) that bacterlal histidine decarboxylase at least cannot aet on 

histidine if anyof the polar groups of histidine are conjugated with other 

substances. 

Moss, Beiler and Martin (1950),encouraged by the results they 

obtained tn vitro, investigated the effect of d-catechol on anaphylaxis in 

the guinea pige They injected sensitized guinea pigs with 2 mgms. of 
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d-catecr.:::Jl daily intraperitoneal1y, and at the end of 19 days of treatment 

challcnged the animals \dth 0.1 ta 0.5 c. e . o f fresh normal horse sertUâ 

by intracardiac injection. Control ( sensitized but untreated) anima1s 

exhibit,8d typica1 anaphy1actic reactions fo1lo-wed by extreme dyspnoea and 

final1y death due to asph;yxia. 'l'he treatGd anima1s did not suffer from 

anaphy1axis. D-cat echol did not protect othe:~ cuinea pigs from the a ction 

of histamine dip:10 sphate. 

~Ia1kie1 and ~ierle (1951) confirmed the findings of Bei1er et aL 

as regards the in vitro inhibition of hisT,idin8 dec2r~)o)C'lJlase by algycone 

flavonoids, but were unable t o o emonstrate any protection frow é:naph~Tlaxis 

affol'ded ta sensitized. ;3'..l inca pigs bJ' the adrrinis r,l'2t::on of 2 mgrns. of 

d- catechol da~l~r. They concluded th3t, U hcd no in vivo action or if it 

docs the anaphyl&ct ic S;)nTtptoms wa:r be proc1uced 'cy sone J:lechani sm oth 2r th8.n 

histamine r ele.<"3e , or that inhibition is not co:nplete é::Dd a t l !'0 2st a sufficient 
• 

2.."nount of histaminf; is formed t o ac count for the sy:'ilpto:ns. 

Chu..nn (1951) and .schultz (1951) were not able to ::iemonstrate any 

distinct beneficia1 rcsult3 frOT.l the adnùnistration of d-catechol to hu..."Ilans 

sufÎcri ng Îrolll vo.rious allerGie di sea ses includjn:l bronchial asthmE. and 

vasomotor rhin i tis. 



x. EXPERIMENTAL DATA 

1. 1ÇXperiment J. 

METHODS 
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The preparation of the synthetic diets used in the following 

experiments involved noting the effect of their adminstration on the nutrition 

Of the adul t rat. This provided an opportunity for confirming the findings of 

Wissler et al. (1948) which indicated that histidine i8 an essential amino acid 

for the adult animal of this species. 

Unselected adult male rats of the hooded strain weighing between 180 

and 250 grams were used as experimental animaIs. They were placed in ne tabolic 

cages, one rat to a cage, wnere they were fed a normal diet of Purina cubes for 

one week before being started on the synthetic diets. By means Of the metabolic 

cages (Illustration i) the dietary intake ot each animal could be measured. 

Esen rat was ted once daily. Water was given ad libitum. 

The diets used were Of 2 varieties. Diet A conslsted of a tull comple­

ment of essential amino acids, vitamins, carbohydr:::.te. ,:,nd :l'at. Diet B _s 

aim11ar to diet A but defioient in histidine and with glutamic acid added to 

maintain a constant amino acid level. 

The preparation of the diets was based on previous work done by Rose 

(1937) Wretl1nd (1949) ana Albanese and Frankston (1945), and the amino acid 

ratio was patterned after the amino acid content Of case in (Black & Bol11ng 

1951) and on the requirements of the essential amino acids for young rats aa 

deflned by Rose (1937) and Wretlind (1949). 19 amino acids were used as the 

protein mOiety, as Rose et al. (1948) had found that young rats grew better 

when the diet contaiiied a supplement of the non-essential amino acide. 
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Allowances were made for the hydro ehloride forma in 'iilich some of the 

amino soids were present, and for the dextro-rotatory isomers present in others. 

The dextro-rotatory isomers of tryptophane,histidine, phenylalanine, and 

methionine are the only unnatural isomers that are utllized by the animal body. 

(Rose 19~e) • 

.As the foodstuffs used were purified substances the diets were 

histamine deflcient. 

The oomposition of the diets used are shawn on Tables A, B, and O. 

The amino acide were supplied by IBrck & Co. and by National 
Biochemieals Corp. The sucrose was Merck sucrose reagent. The vitamins 
were present in the crystall1ne, or otherwise purified forms. Vitamins A a;a:l 
D were suppl1ed as lIead-Johnson & Co. Oleum-percomorpheum. Sodium 
bicarbonate was added as a neutral1ze~ to the hydrochloric acid present in 
some Of the amino acids. 

The different components of each diet were mixed thoroughly in 

lots of 400 gralls. These amounts allowed for the maki Dg of fresh diets every 

5 days durlng the Ume the experiments were rune The vi tamins were mixed 

separately and the required amount (33.4 mgms) weighed and added to each feed 

dish daily. Vltamin A and Vi~amin D were administered every second day by 

glass dropper. One drop every second day Of Oleum-peroomorpheum was equivalent 

to 325 internat10nalunits of Vitamln A and 50 international unite ot Vitamin 

D dally. 

The rate were d1vided into 3 groupa consisting ot 2 rate each. 

Group 1 w&a fed diet A (complete synthetio diet) ad libitum. Group 11 received 

dlet B (histidine deficient diet) ad libitum. ~oup 111 received diet A but 

each animal W88 given paired feedings, similar ln ~ount to the food consumed 

by a corresponding animal of the histidine deficient group. Thus Group 111 

served aaa control for Group Il. 
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The anima1s were fed the synthetic diete cur a ptriod of 10 days. 

The diet offered to aaoh rat was weighed daily. The amount unconsumed 24 

hours later was a180 waighed in order to ascerta.in the anount of food eaten 

by each rat per day. 

Resulta 

The rasults of this axperiment are i11ustrated in Chart 11. 

Rats on a histidine deficient diet consumed lees food than rats receiving a 

complete synthetic diet. However, the decreased food intake did not account 

for the enUre weight lœ s observed in thi s group. Animals on a complete 

synthetic diet rut rece1ving the same amount of food as that taken by the 

histidiœ delicient group were able to m8.intain the1r weight. The r6eulte 

indioate that histidine 1s an easentia1 amino ac1d for weight maintenance 

in the adult rat. 

lione of the animale l'ere adVEr sly affected by the diete in any 

respect except for decreased appetite and weight 10es in the hist1d1De 

def1cient group. A11 of the animals 10st weight on the liret two days of 

the experiment. This appeared to be due to poor food intake during that 

time secondary to a change in the diet, and to the low roughage content 

of t he food consume d. 
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Table A: The composition Of the diets. 

CONSTITUENT COnTENT FER 100 GR.AMS OF DIET 

Amino acide 

Sode bicarbonate 

Salt mixture 

Sucrose 

Crisco 

Choline Ohlorid. 

Inosito1 

Th18lll1n HeL 

R1bo:f'1avin 

Pyridoxine HeL 

Nîcot1namide 

Ca D-pantothenate 

P-aminobenzoio ac1d 

V1tamin K 

V1tam1n }.. 

V1tam1n D 

21.6 grama 

1.2 grams 

2.0 grams 

73.0 grarna 

2.0 grœls 

200.0 I!lgDlS. 

100.0 mgms. 

0.5 mgIllS. 

1.0 

0.5 mgrns. 

0.5 mgrns. 

2.5 mgms. 

30.0 IIlglDs. 

0.2 mgms. 

3250.0 1.U. 

500.0 1.U. 
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Table B: The composition of the amino aeid components ot the d1ets. 

CONSTITUENT CONTENT PER 100 <RAM§ OF ;QIET 
DIET Â DIE!! B ;I2I:EY.I! Q 

*L-histid1ne monohydroch10ride 1.0 grama 1.0 gr8D18 

*DL-is01eueine 2.0 " 2.0 grams 2.0 " 
*L-1eucine 1.4 " 1.4 " 1.4 " 
*DL-lys1ne monohydroch10r1de 1.8 ft 1.8 ft 0.8 " 
*DL-methionine 1.4 ft 1.4 ft 1.4 " 
*DL-phenylalanine 3.5 " 3.5 " 3.5 " 
*DL-Threnn1ne 2.0 ft 2.0 If 2.0 " 
*DL-Tryptophane 0.7 Il 0.7 " 0.7 " 
*DL-Val1ne 2.7 " 2.7 " 2.7 " 

*L-Arginine monohydrochloride 0.4 " 0.4 " 0.4 " 

DL-A1anine 0.2 ft 0.2 " 0.2 " 
DL-Aspart 1e acid 0.2 " 0.2 " 0.2 ft 

L-Cystine 0.4 " 0.6 ft 0.6 Il 

L-glutam1e acid 2.0 " 2.6 " 2.6 " 
~ydroxy proline 0.1 " 0.1 " 0.1 " 
L-Pro1 ine 0.2 " 0.2 If 0.2 " 
DL-Ser1ne 0.2 " 0.2 " 0.2 ft 

L-Tyros1ne 1.2 " 1.2 " 1.2 " 
Glycine 0.2 " 0.2 " 0.2 n 

* essentia1 anino ac1ds for the young rat 
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Table Q: The oomposition of the salt mixture.· 

CONSTITUENT 

Na Cl 

caHP04 

Mg SC4 

K H C 03 

K Cl 

Fe 3 Citrate 

OU S04 

Mn 504 

lU 

Na F 

CONTENT fER 100 GRÂMS OF SALT MIXTURE 

18.9 grams 

25.0 " 

6.86 " 

44.4 " 

2.88 " 

2.21 " 

0.24 " 

0.15 " 

0.015 " 

0.03 

*(Charman, Kill., and Platt 1943) 
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METHODS 
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As the diets described in the previous experiment consisted of 

pure food elements deficient in histamine they were used here to determine the 

relationship of histidine and histamine in the food to the histamine in the 

rat ti ssue s. 

The rats used in this experiment were of the sarna type and were 

handled in a similar manner as regards water intaJœ, pre-axper1mental 

management and di etary me asurement as those animals used in Experiment Â. 

The rats were di vided into three groups of eight rats eaoh, one 

rat to a metabolic cage. Group 1 received Purins fox chow ad libitum. 

This diet contains protein mainly in the form of dried skimmed milk, animal 

liver meal, fish meal, ~d meat meal. Group 11 received diet C, similar to 

diet Â (oomplete syntbetic diet) exoept that the dl-lysine menohydroohloride 

oontent of the amino acid mostly was deoreased to 0.8 grams per 100 grams of 

diet and the glutamio acid level oomparably increased. These animals were 

pairfed with oorresponding animaIs of Group 111. Group 111 reoeived diet B 

(histidine defioient diet) ad libitUlj. 

The low lysine oontent of the diet fed the rats in Group 11, added t 0 

the faot that they were not allowed to eat more than these animals reoeiving a 

histidine defioient diet, resulted in a weight loss in these rats that was 

similar to that suffered by the rats in Group 111. (Bee Chart 111). Thua it 

could be assumed that any relative change oocurring in the histamine oontent 

"f the tissues of Groups 11 and 111 was not related to the l08S of body 

substanoe. 
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The animals were fad the synthetic diats for periode of twenty-one 

daye at the end of wn1ch time the lung, liver, stomach, intestine, spleen, 

and in some cases the kidney tissues were removed. The tissues were washed 1n 

normal sa11ne and the specimens of stomach and intestine were opened and 

washed iree of their contents. They were kept on ice until wa1ghed and then 

placed 1n 10% hydrochlor1c ac1d. The t1ssue histamine contents were measured 

by the me thod of Barsoum and Gaddum (1935) as modifiad by Code (1937). 

The measurements were done by Krs. E.V. Harkness of the McGill Un1versity 

Olinic technical staff. 

The histamine values obtained by thia method are recorded on 

Table D. 

T.he comparison Of histamine values found in the stomach and. 

intestine in the various groups 18 illustrated an Ohart 1\1. 
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Table D: The histamine contents of the various tissues expressed in miaro 
grams par gram or tissue. 

Grou!! l 
Bat Number ~ Liver S~1e!n Xidn!l Stomach Intestine 

1 4.84 0.046 0.78 16.35 13.27 

2 8.14 0.505 0.993 21.34 14.18 

3 3.49 0.156 0.30 16.84 9.78 

4- 4.88 0.114 0.376 22.21 9.39 

5 6.59 0.36 1.74 17.30 13.26 

6 10.15 12.23 

7 15.24- 7.50 

8 10.54 9.09 

Average 5.59 0.234 0.838 16.24- 11.08 

GrOU);! 11 

Rat Number ~ LiTer Spleen Xidney Stomach Intestine 

1 11.36 0.28 0.50 0.525 10.88 11.15 

2 3.90 0.106 0.303: 0.306 15.57 16.98 

3 11.11 0.28 1.85 0.72 20.96 17.41 

4 7.57 0.585 0.887 0.608 12.93 11.90 

5 7.31 0.232 1.314 0.333 8.60 9.31 

6 4.80 0.419 1.499 1.221 19.31 13.01 

7 4.83 0.153 0.828 0.361 29.50 8.39 

e 3.49 9.20 18.60 

Average 7.42 0.293 1.024- 0.582 15.67 13.34 
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Group 111 

Rat Number ~ Liver Spleen Kidney Stomach Intestine 

1 6.1 0.6 0.4 0.42 10.0 5.43 

2 10.55 0.68 1.45 0.89 7.64 10.97 

3 4.76 0.312 0.1472 0.299 11.75 7.0 

4 4.84 0.088 0.266 0.288 3.94 6.05 

5 4.4 0.0665 0.64 0.158 12.2 6.03 

6 4.0 0.09 0.93 0.32 6.54 7.25 

7 7.2 0.054 0.76 0.66 9.49 8.71 

8 6.13 0.12 0.29 0.35 12.35 10.80 

Average 5.99 0.2513 0.6104 0.425 9.24 7.792 

Group ty 

Rat Bumber ~ Liver Spleen KidneY Stomach Intestine 

1 3.22 0.28 0.136 0.445 16.91 5.20 

2 5.00 0.317 0.153 0.417 9.72 5.97 

3 3.87 0.075 0.067 0.067 9.33 7.47 

4 6.55 0.174 0.451 0.500 12.55 8.85 

5 5.19 0.557 0.076 0.041 11.95 13.32 

6 4.46 0.140 0.475 0.705 6.54 8.18 

7 6.35 0.059 0.230 0.389 8.17 14.54 

8 4.98 0.028 0.130 0.393 8.76 3.81 

Aver~e 4.95 0.172 0.214 0.372 10.49 8.41 
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Results 

The control animals, Groups 1 and Il, had tissue histamine values 

which were at the saœe approximate levels in aIl tissues. A deficiency of 

histamiœ in the diet did not appear r~ to affeot the histamine tissue levels. 

The animaIs in Group 111 reoeiving a histidine and histamine 

deficient diet Showed lower histamine values in aIl tissues. These could not 

be considered signifioant except in the tissues of the stomaoh and intestine 

where the values were sufflciently decreased to warrant the conclusion that 

the histamine in the tissues arose from the histidine in the diet. 



111. Experiment Q 
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Although the evidence appears to indicate that histidine cannot 

be synthesized in the body Of the rat, there i8 a potential source ~ 

histidine in the dipeptide, carnosine which ia present in rat muscle tissue. 

Histidine released in the catabolism of body protein contributes 

a8 we 11 to the requirements of this amino acid in maintenance (cf. page 9 

of normal functions. 

Thus it was considered that animaIs on histidine deficient diets 

would still have histidine available within the body, upon Which tissue 

histidine decarboxy1ase could aet. 

The purpose Of this experlment was as fo1lows: An aglycone 

flavonoid 3,4-bihydraxy chalcone, which is 10 times as active as d-catecho1 

in inhlbiting guinea pig kidney histidine de carboxylase in vitro (Martin 1951) 

was administered intraperitonaa11y to adult rats on a histidine daficient 

diet, in an effort to determina whether 3,4-Dihydroxy chalcone W88 an effective 

inhibitor of animal histidine decarboxylase in vivo. 

Eight &duIt rate, designated as Group IV, of sim1lar stra1n and 

size as those used in the previous experiments were employed. Thay were fed 

diet B (histidine dalieient diet) f or a period of 21 days and the tissues were 

treated in the manner described under Experiment B. They received a daily 

intraperitoneal injection of 2 mgms. of 3,4-dihydroxy chalcone suspended in 

propylene glycol. No taxie effects were observed from the administration of 

this compound, the average daily food intake in this group approximating that 

of the histidine deficient Group in Experiment B. 
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The histamine values of the tissues of this Gr~p (Group IV) 

are tabulated in Table 1). 

Resulta 

The tissue histamine values of this Group d1d not d1ffer 

sign1ficantly, in most instances, from the values found in the Grcup receiving 

a histidine deficient diet alone. 

The histamine contents of the spleen however were considerably 

lower than those found in the animals not receiving 3,4-Dihydroxy chaloone. 

These findings will be diacuésed fur the r below. 



IV. Experiment D 
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The effect of the aglycone flavonoids, d-catechol and querecetin 

on anaphylaxsis in the guinea pig had been investigated previously with 

conflicting results. 

5,4-dihydroxy chalcone was used in this experiment in an effort 

to de termine i ts effect on the production of anaphylaxsis in guinea pige. 

48 unselected male and female guinea pigs ranging in weight from 

roo -SOO grams were used as experimental animals. They were confined to 

cages, 8 animals to a cage, and were fed an ordinary diet and water ad-libitum. 

The animale were sensitized with 0.25 c.c. of egg albumen injected intraper­

itoneally, and were divided into 5 groups of 16 animale each. 

Group 1 received no treatment other than being sensitized. Group 11 

received 0.6 C.c. of propylene glycol intraperitoneally daily. Group 111 

received 5 mgms. of 5,4-dihydroxy chalcone suspended in 0.6 c.c. of 

propylene glycol lntraperitoneally daily. 

At the end of 21 days the 5 groups were challanged with 1.0 C.c. of 

a 1:10 solution of egg albumen injected intracardlacally. 

Results 

The resul ts of this experiment are tabulated in Table E. 

All animals, wi th an occasional exception, DOt confined to any 

one group, died of anaphylactic shock within 5 to 10 minutes after receiving 

a challenging dose of egg albumen. No protection was afforded by the admlnistratiO~ 

of 5,4-dihydroxy chalcone. 
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Table E: The affeet of 3,4-dihydroxy chaleone on anaphy1axs1s in the guinaa p1g. 

Guinea PiS No. Group 1 Group 11 Group 111 

1 ***. D **** D **** D 

2 ****D **** D **** D 

3 **** D ***. D **** D 

4 **** D **** D **** D 

5 **** D **** D ** •• D 

6 **** D **** D **** D 

7 **** D ***. D ***. D 

8 ** .* •• D **** D 

9 **** D .**. D **** D 

10 ** **.* D ***. D 

~- ** •• D ***. D 
11 

***. D ***. D 
12 **** D 

**** D **** D 
13 **** D 

14 **** D ** fi.:-

**** D **** D **** D 15 

16 **** D **** D 4'-., .At post mortem showed per1eard1al effusion but no evidence of anaphylaxsis. 

D : Dead. 
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XI. DISCUSSION 

The conclusion that histidine is an essential amino aoid tor the 

&duIt rat oontirma the tindings ot Wissler et al. (1948) and needs l1ttle 

turther comment. 

The animaIs on the histidine delicient diet, al though. UIdergoing 

weight loss, 'Rere just as active and appeared otherwise as healthy as those 

in the control groups. Albanese and .I!'rankston (1945) who kept &duIt rats on 

histidine delicient diets tor per ioda up to 100 days noted no untoward signs 

other than weight less in their animaIs. Young rats on similar d1ets, on the 

other hand , trequently succumb atter short periode (Wretlind 1949). Thi. 

suggests that histidine may be available within the body ot the adult rat tor 

the maintenanoe ot necessary lUnctions. Âdult animaIs torce ted histidine 

delicient dieta sutfer trom bleeding pawa and death atter a tew days. The 

explanation for this phenomenon has not been ascertained but may be related, 

as may the decreased appetite of histidine deficient animaIs, to poor food 

assimilation (Bothwell and Williams 1951). 

The 1099 of weight suffered initielly by animaIs on the synthe tic 

diets appeared to be due to the low roughage content of the diet and to the 

low food intake Of the first two days ot the experiment. At post mortem 

all animaIs on synthetic diets had G.I. tracts which were ocmparitiyely 

empty, mile correspoming animaIs (in eXIB riment B) on Purina chow had 

G.I. tracts filled with bulky contents. 

Paired feeding eliminated the possibility tbat decreased calorio 

intake accounted for the weight 108s of the histidine defioient rats. 
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After Blo~ and Pinosoh (1936) reported that the histamine oontent 

of the guinea pig lung was higher than normal 5 hOlus after the suboutaneous 

injection of histidine, MacKay (1938) proposed that these findings oould be ex­

plaiœd on the basis Of the extrema variability of the histamine oontent of 

such tissues. The use of a limited numbar of animals of any species for 

oomparison of tissue histamine values is also vulnerable to suoh oritioism. For 

this reason the results of experiments B Md. C must be interpreted with oaution. 

This 18 partioularly applioable to those tissues 1n wh10h the histamine values 

are normally low, as the lower suoh values beoome the less aocurate 1s the 

biologioal method of assay. 

In reviewing the results of expe riments B and 0 1t is apparent that 

of the histamine levels obtained, only those referable to the tissues of the 

stanach and 1ntest ine are of signiti canee. Tm average difference between the 

stomach and intestine histamine values of Groups l and 11, receiving ample 

histidine and of the Groups 111 and IV receiving no histidine is a 38% 

deorease of histamine levels of the latter groups in the stomach and a 32% 

deorease in the intestine. 

A deficiency of histamine in the diet had no effect on the tissue 

histamine values as ie indicated by the comparable valœ s obtained in Groupa 

land 11, and by the fact that the withdrawal of histidine from the diet produced 

a fall in tissue histanine, whlle the remainder Of the d1et. and thus any content 

of histamine it might have. remained the same. 

The reaults indicate tbat histidine plays an important role in the 

maintenance of normal tissue histamine levels. Sinoe histidine om be 

deoarboxylated in the intestine wi th the formation of histamillS it is neceasary 
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to consider whether dietary histidine contributes to tissue histamine by 

this meRnS or by decarboxylation following absorption from the intestinal 

tract. It is apparent that histamine in the intestinal lumen readied for 

absorption throggh the intestinal wall would be treated similarly by the 

body whether from dietary histamine or from the bacterial dacarboxylation of 

histidine, and thus would have little affect on tissue histamine stores. 

Quantitatively it 1s not known how much of the histamine presentee 

to the intestinal mucosa for absorption arises from either of the above 

sources. However, Anrep et al. (1944) reported that While a buffalo meat 

diet, containing both histanine and histidine caused an inerease in the 

free and conJugated histamine in the urine of rats, a diet of histamine free 

proteins eaused no rise, indieating that the amount of histamine formed from 

histidine in the bowel is insignificant in comparison to the quantity of 

histamine present in the food. A1though part of the histamine 1n the 

intestinal lumen is absorbed, a further amount is destroyed by histaminase 

present in the intestinal wall of the rat (Rose, Karady, and ~rowne 1940), 

and some ia aoetylated before absorption (Tabor and Kossetig 1949) and 

excreted quantitative1y in the urine in thia conjugated forme (Jnrep et al. 1944). 

As the sma11 amount of histamine formed fram histidine in the 

intestinal lumen would be treated in a aimilar manner to dietary histamine 

it i8 10giea1 to postulate, in view of the experiments reported above, that 

tissue histamine arises from histidine after the absorption of the latter from 

the intestinal tract. If this is true then it would seem that dietary 

histidine is decarboxylated by animal tissue histidine deêarboxylase. 
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It is not easy to exp1ain my Anrep fOWld that dietary his tamine 

raiàed the leve1 of urinary histamine whi1e here its absence from the diet 

did not affect the tissue histamine 1eve1. Theoretica11y it might be 

proposed that free histamine is not taken up from the b100d stream by the 

tissues for the purposes of storage but ls destroyed in the body or excreted in 

the urine. Rose and Browne (1938) noted the rapid disappearance of injected 

histamine from rat tissues 15 to 30 minutes afts- injection. It mœ t be 

noted hoever that their anima1s were not previous1y depleted Of this 

substance. 

Weight changes d1d not appear to affect the histamine tissue 

values, as comparable values were obtained 1n these anima1s receiviIg a 

nonnal diet ad libitum, and those animale which, on a lysine defic1ent 

sy-athetic diet, had weight curves which were similar to the curves of anima1s 

on histidine deficient diets. 

Why the stomach and intestine should have the greatest change in 

histamine values 1s not eas1ly explicable. In oontrast to the fal1 of stomaoh 

and intestine histamine occurring on a histidine def1cient d1et are the 

findings of Rose and Browne (1941) wno noted that adrena1eotomy in the rat 

oaused arise 1n the histam1ne oontent of various tissues, most marked in the 

stOlllach and the intestine. HiBtaminase, the enzyme destroying histamine has 

been found in the 1ung and intestine of the rat. (Rose, Karsdy and. Browne 

1940). As tissue histaminase ls decreased after adrenaleotomy, (Karady, 

Rose and Browne 1940), this deorease would account for part of the rise 

observed by the avove workers. Rose and .drowne (1941) further suggested that 

histamine may have been transferred to the stomach and intestine from other 

tissues after adrenalectomy. The posslbillty rema1ns that the stores of 
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histamine in the stomach 8D:l intestine are more labile than those ot 

other tiss'aes, and the above findings appear to indicated that both atomach and 

intestine play a role in the metabolism of histamine comparable to that Of the 

liTer in the metabolism of glucose. The p:r~sence Of histaminase in the 

intestine probably played a minor part in the fall Of histamine values. The 

levels noted in the lung, Which also contains histaminase showed no definite 

change. 

3,4-dihydroxy chalcons, which has been shown by Martin (1952) 

to be a complete inhibitor of guinea pig histidine decarboxylase in vitro, 

did not aftect the level ot histamine in rat tissues to any signiticant 

extent. ~ decrease in the histamine cOlltent of the spleen noted in the 

group receiving this tlavODoid, although ot considerable magnitude cannot 

be speeifically eonsidered as due to the adminstration of 3,4-dihydroxy 

chaleons. Sinee the his tamine levels of spleen tissue are no:nnally low a 

larger series Of animals would be necessary before such a conclusion could 

be reaabed. 

Binee the results of this exper1ment are equivocal, several 

possibilities present themselves as to Why this .nould be so. The obvious 

answer is that 3,4-dihydroxy chalcons is not active in vivo. Thia may be 

qualified however, when it is considered that the concentrations reached in 

vivo wi th the dose administered would be considerably lower than these 

required for complete inhibition in vitro. (0.1 mgm. c.e.) There i8 &1so 

the possibility tbat the flavone, administered intraper1toneal1r and 

carr1ed by tbe portal b100d stream, was partially inactivated by the liver. 
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On the other band, although Holts and Heise (1937) demonstrated considerable 

histidine decarboxylase activity in rat kidney, Werle and Krautzun (1938) 

were unable to Iocate more than a small amount. Thua it might be atated 

that the effect of the low concentration of 3,4-dihydroxy chalcone acting on 

a low level of histidine deoarboxylaae activity in animaIs on a histidine 

deficient diet would be insufficient to produce any signif'icant change in 

tissue histamine levels over a period of 21 days. At any rate no conolusive 

evidence has been obtained indicating 3,4-dihydroxy chalcone has any effeot 

on histidine decarboxylase in vivo. 

As histidine deoarboxylase activity in the ~inea pig is greater 

than that observed in most species, and according to Werle and Krautzun 

(1938) sever al tilll98 greater than that in the rat, 3,4-dihydroxy chalcone 

might be expected to Show a more definite effect in tnis species. Judging 

from the reS'"lllts of experiment D, in which 3,4-dihydroxy chalcone did not 

protect ~inea pigs from anaphylactic Bhock, this la not the case. 

As lIalkiel and Wer1e (1951) suggested, ei ther the anaphylactio aymptoœs 

are produced by some meohanism other tha.n histamine release or that 

in hibi tion is not comple te and at best a suff'icient amOlmt of histamine is 

for~ed to account for the symptolDa. It might be added that as neither the 

rate Of formation or destruotion of' histamine is known, the admlnistration 

ot 3,4-dihydroxy chaleone over a perlod of 21 days may hot be suf:Uc~ nt, 

even it causlng complete inhibition of histidine decarboxylase, to laver the 

tissus histam1:œ enough to prevent anaphylactic shock. 

Both experitPents C and D suggest that flavone compounds at the dosel 

administered have little effect on histidine or histamine metabolislD in vivo. 
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XII. S'QMMARY 

1. The role of histidine in metabolism has been reviewed. 

This revlew has entailed a discussion of the early history, Chemical properties, 

nutritional significance am intermediary metabol1sm of this amino acid. 

Pr1marily 1t relate' to the formation of histamine from histidine through the 

agency of the enzyme histidine decarbaxylase, and with the inhibitory effect 

of the aglycone flavonoids on the activity of this enzyme in vivo. 

II. Nutri tional experiment s have been carried rut, using synthetic 

food-stuffs as dietary constituents, Which indicate that l-histidine ia an 

essential amino ac1d for weight mainteDance ln the adult rat. 

III. Histamine deficleDt synthetlc, histamine and histidine deficient 

synthetlc and ordinary diets were used in an effort to determine the origin 

of histam1œ in the tissues Of the &dult rat. The histamine content of stomach 

and intestinal tissues decreased when histidine was absent from the d1et. 

The absel'lCe of histam1œ :t'rom the diet had no effect on tissue levels. 

Reasons are given for believing that tissue histaœine in the rat ar1ses from 

histidine by decarbo%ylation in the animal tissœ s. 

IV. 3,4-dihydroxy chalcone was administered intraperitoneally over 

a period of 21 days to adult rats on a histidiœ defic1ent diet. Ho effect 

on tissue histamiœ levels could be demonstrated. 

V. 3,4-dihydro:z:y ohalcone was administered intraperitoneally over 

a period Of 21 days te sensit1zed yOllng guines pigs. The administration o:t' 

this compound did not prov'de any protection against the r1gors Of anaphylact1c 

Bhook. 
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